SUMMARY An approach to the controversy of the physiopathology and classification of ischemic stroke is attempted in this study. The computed tomographies (CT) of 88 patients with transient ischemic attacks (TIA), 46 with reversible ischemic neurologic deficits (RIND) and 70 with ischemic strokes with minimum residuum (SMR) are analysed. The incidence of focal ischemic lesions on CT is 25% in TIA and RIND and 35% in SMR, when the study was performed after the first 24 hours. The incidence of cerebral infarction was much lower when the CT was performed within the first 24 hours after the clinical event. No significant differences in size or location of the infarction were found between the different groups. Deep infarctions were smaller than superficial ones. TIA duration correlated neither with the incidence of CT abnormalities nor with the size of the lesions. 6 Although TIAs and completed strokes are usually managed as different conditions, clinical experience shows that completed strokes with minimum residuum are in many aspects similar to long lasting TIAs or to reversible ischemic neurological deficits (RINDs). In order to study the differences and correlations between these groups we analysed the features of CT performed in patients diagnosed of TIA, RIND and completed ischemic stroke with minimum residuum (SMR). The results obtained can be useful in order to achieve a practical classification for the management and study of focal cerebral ischemia.
THE CLINICAL CONCEPT of transient ischemic attack (TIA) is based mainly on the supposition that it is provoked by focal cerebral ischemia without infarction. This idea has been supported by studies in which no infarctions are found on computed tomographies (CT) performed in TIA cases. 1 " 3 But there are other reports that contrariwise show a significant incidence of infarctions on CT of patients with transient neurological deficits. 4 
"
6 Although TIAs and completed strokes are usually managed as different conditions, clinical experience shows that completed strokes with minimum residuum are in many aspects similar to long lasting TIAs or to reversible ischemic neurological deficits (RINDs). In order to study the differences and correlations between these groups we analysed the features of CT performed in patients diagnosed of TIA, RIND and completed ischemic stroke with minimum residuum (SMR). The results obtained can be useful in order to achieve a practical classification for the management and study of focal cerebral ischemia.
Material and Methods
Two hundred and four patients with the diagnosis of focal cerebral ischemia have been analysed. All were studied in the Neurology Department within a month after the stroke. The diagnosis was based upon clinical and CT findings. Patients with a history of previous completed strokes were excluded. In all the patients at least one CT was performed after the current neurological event. Depending on clinical symptoms the ischemia was considered to occur either in the carotid system or in the vertebrobasilar system. The differences in clinical evolution permitted classification in three groups: 1: TIAs. When focal neurological symptoms lasted less than 24 hours. 2: RINDs. When neurological symptoms or signs lasted more than 24 hours but cleared completely before one month. 3: SMR.
When after one month mild neurological signs persisted which did not hamper the basic daily activities of the patient. CTs were performed in a 160 x 160 matrix. Focal ischemic lesions included parenchymatous low-density areas and focal areas of dilatation of a ventricle or a cistern. The area of the low-density lesion was measured in the slice in which the width of the lesion was greatest, giving the results in real brain dimensions. Depending on their location the lesions were considered as superficial (frontal, parietal temporal and occipital lobes), deep (thalamus, caudate, internal capsule, putamen and corona radiata) and cerebellar. Diffuse cerebral atrophy was not taken into consideration. Contrast-enhancement studies are not mentioned because they were rarely performed.
In several cases directional doppler sonography and/ or oculopneumoplethysmography were performed. Quoted as pathologic are only those cases with evidence of severe stenosis or occlusion of the ipsilateral internal carotid artery. Angiographic studies were performed in few cases so it seemed not useful to analyse them. The statistical significance of differences was studied by means of Student's / test (for means) and Chi-square test, with Yates correction (for proportions).
Results
Out of 204 cases, 88 were diagnosed as TIAs, 46 as RINDs and 70 as SMR. In the TIA group 67 cases were in the carotid system (amaurosis fugax cases were not included in this series) and 21 in vertebrobasilar system. In the RIND group 41 cases were in the carotid system and 5 in the vertebrobasilar system. In the SMR group 61 cases were in the carotid system and 9 in the vertebrobasilar system. Fifty cases had only one CT performed, in each case during the 24 hours that followed the neurologic event. Two of them showed focal lesions (both SMR). In 154 patients at least one CT was performed after the first 24 hours (with a mean period between the stroke and performance of the CT of 50 days -standard deviation of 55 days -; all the patients being treated during this period by a neurologist). The incidence of CT abnormalities in the differ- All these CT were performed after 24 hours. ent groups is set out in table 1. In each case the CT lesion side correlated with neurological focality side, although in one case two infarctions were found, one in each cerebral hemisphere. In 30 patients two CTs were performed: in 5 the same lesion appeared in both CTs, in 7 the first CT was normal and the infarction appeared in the second CT, and in 18 patients both CTs were normal. The mean values of low-density areas are set out in table 1. Although the low-density areas in TIAs seem to be smaller than in the other groups the difference is not statistically significant. Among the CT lesions five were areas of ventricle or cistern focal dilatation (4 TIA and one RIND case). The location of low-density areas was the following: frontal lobe, 4; parietal, 13, temporal, 7; occipital, 4; thalamus/internal capsule, 7; putamen/caudate/corona radiata, 4 and cerebellum, 2. The mean area of deep lesions was significantly smaller than the area of superficial lesions (p < 0.05). In all the groups the incidence of superficial lesions was higher than the incidence of deep lesions. Out of 35 vertebrobasilar system cases 7 showed a focal lesion while of 169 carotid system cases a CT lesion was found in 34. The correlation between the length of the TIA and the area of CT lesions is set out in table 2. No significant differences are found among the different groups. Thirty seven TIA patients suffered several ischemic events. Ten of these cases showed a lesion on CT. Although that figure seems to be higher than that of single TIAs the difference is not significant.
Doppler and oculoplethysmography tests were abnormal in 12 out of 48 TIA cases, 7 of 18 RIND cases and 6 of 18 SMR cases (without significant differences). Of 23 cases with abnormal CT in which a doppler or oculoplethysmography were performed, 5 were abnormal. Of 86 cases with normal CT the tests were abnormal in 20 (without significant difference).
Discussion
In the management of focal ischemic cerebral disease it has been considered that TIAs constitute a well differentiated group when compared with completed strokes (those with persistent neurological deficit). In the last years an intermediate group, that of RINDs, has been described. 7 In some series, 8 " 19 strokes with minimum residuum have been considered in the same group of TIAs. In fact, there are qualified authors who state that TIAs, RINDs and SMR should be considered as similar;" others consider that they are different groups; 12 others suggest that new studies are needed to identify the groups 13 and, finally, an author states that a new approach to this problem should be attempted.
14 An important question is that it has not yet been possible to establish a physiopathological difference between TIAs and completed strokes. Nevertheless, when the many experimental studies on this subject are reviewed the following conclusions can be pointed out: Transient arterial occlusions (of carotid or middle cerebral arteries) can lead to a cerebral ischemia and permanent occlusions can provoke only transient cerebral ischemia. Whether infarction develops or not depends mainly on two factors: "~1 8 the severity of local cerebral blood flow (CBF) decrease (the focal CBF has to be lower than 10 cc/100 gr/min. to produce infarction); and the time hypoperfusion lasts (at least 15 minutes to produce infarction). A little higher CBF (12-18 cc/100 gr/min.) can provoke a reversible failure of neuronal activity (which duration is not still well determined), without infarction. Permanent occlusion can lead to various types of neurological deficit depending mainly on the function of collateral circulation.
l9 Not always a greater extent of the infarction correlates with a more severe clinical deficit. 20 There is not a direct correlation between infarction site and clinical disability, except for infarctions located in the internal capsule which correlate with a severe hemiparesia. 21 CBF studies in patients with TIAs show that it is not unusual to find hypoperfusion areas persisting longer than the neurological symptoms, even in cases without evidence of infarction on CT. 2223 Only slight differences are found between TIAs and RINDs. 22 Angiographical studies do not show remarkable differences between TIA, RIND and SMR groups, abnormalities of extracranial vessels appearing with quite similar features and incidence in the three groups. CT studies have provided a new viewpoint regarding the identification of focal cerebral ischemia groups. Some authors found that no infarction occurred in TIA cases.
"
3 Other reports show that CT evidence of infarction is not rare, with an incidence about 14 to 2 0 % .^ 21~N Such incidence is clearly higher than the 6% we found in 60 patients (mean age: 60 years) without any symptoms of cerebral ischemia studied in our Department. In any case, it is well known that CT abnormalities are much less frequent in TIA than in completed stroke cases. 28 Also, the timing of performance of the CT greatly influences the detection of the infarction. The correlation between CT and autopsy findings decreases with the size of the infarction. 30 That clinical-CT correlation is not as good as There is not definite evidence for considering TIAs, RINDs and SMR as well differentiated groups. We do not know if a TIA is provoked by transient ischemia without infarction or it is secondary to an infarction, the mild symptoms being due to a particular location or size. In attempting to study some of these questions we analysed 204 patients with the diagnosis of focal cerebral ischemia studied with CT. Eighty eight were TIAs, 46 RINDs and 70 SMR. It surprised us the difficulty in establishing a neat difference among these groups, because of the subjective and mild symptomatology. The moment of performance of the CT was important: out of 50 cases in which the CT was performed in the first 24 hours only 2 showed a focal lesion, while of 154 cases studied after 24 hours 44 had an abnormal CT. The fact that in several cases a first and a second CT were both normal (even in SMR cases) probably reflects the low resolution of our CT scanner. TIA, RIND and SMR groups did not show any significant difference in the incidence of CT lesions or in the location of these lesions. The frequency of CT abnormalities seemed to be higher in multiple TIAs than in single TIA. No correlation was found between CT lesions and doppler or oculoplethysmography abnormalities. Deep infarctions were significantly smaller than superficial ones. Some of the former could be considered as lacunes. In fact there are reports in which lacunar infarctions are found frequently in patients with TIAs. 30 In series of lacunar infarctions, cases with transient neurological deficits are not rare, 32 this finding being in accordance with the current concepts that are held regarding lacunes. 
